Cigarette smoking is associated with hyperplasia of pulmonary neuroendocrine cells and variably increased levels of bombesin-like peptides in the lower respiratory tract. Because the neuropeptide bombesin is a chemoattractant for monocytes and a mitogen for 3T3 fibroblasts, we hypothesized that an excess of neuroendocrine cells and bombesin-like peptides could contribute to lung inflammation and fibrosis in certain cigarette smokers. Eosinophilic granuloma is a fibrotic lung disease of unknown etiology that in adults occurs almost invariably in cigarette smokers. We quantitated neuroendocrine cells with bombesin-like immunoreactivity in open lung biopsies from patients with eosinophilic granuloma (n = 6) and compared these with cigarette smokers (n = 6) who underwent lung resection for reasons other than primary lung disease. In addition, we compared them with patients with idiopathic pulmonary fibrosis (n = 8), a disease not associated with cigarette smoking. Finally, we also examined the mitogenic effect of bombesin on cultured human adult lung fibroblasts.
Introduction
Cigarette smoking is associated with hyperplasia of pulmonary neuroendocrine cells and variably increased levels of bombesin-like peptides in the lower respiratory tract. Because the neuropeptide bombesin is a chemoattractant for monocytes and a mitogen for 3T3 fibroblasts, we hypothesized that an excess of neuroendocrine cells and bombesin-like peptides could contribute to lung inflammation and fibrosis in certain cigarette smokers.
Eosinophilic granuloma is a fibrotic lung disease of unknown etiology that in adults occurs almost invariably in cigarette smokers. We quantitated neuroendocrine cells with bombesin-like immunoreactivity in open lung biopsies from patients with eosinophilic granuloma (n = 6) and compared these with cigarette smokers (n = 6) who underwent lung resection for reasons other than primary lung disease. In addition, we compared them with patients with idiopathic pulmonary fibrosis (n = 8), a disease not associated with cigarette smoking. Finally, we also examined the mitogenic effect of bombesin on cultured human adult lung fibroblasts.
The patients with eosinophilic granuloma exhibited a 10-fold increase in neuroendocrine cells with bombesin-like immunoreactivity compared to both smokers (P = 0.005) and patients with idiopathic pulmonary fibrosis (P = 0.005). In addition, bombesin produced a significant mitogenic effect on cultured human adult lung fibroblasts at concentrations of I nM and above. We conclude that increased numbers of pulmonary neuroendocrine cells with bombesin-like immunoreactivity are commonly found in patients with eosinophilic granuloma and, since bombesin-like peptides are chemotactic for monocytes and mitogenic for human lung fibroblasts, we speculate that neuroendocrine cell hyperplasia may be important in the pathogenesis of eosinophilic granuloma in adult cigarette smokers. (J. Clin. Invest. 1990 . 86:838-844.) Key words: bombesin-like peptides * growth factors * fibroblasts * histiocytosis X -cigarette smoking
We have reported that cigarette smoking is associated with markedly increased levels of bombesin-like peptides (BLP)' in the lower respiratory tract of some individuals (1) . BLP is the name given to the family of peptides having carboxy-terminal homology with the structure of bombesin, a tetradecapeptide originally isolated by Erspamer from the skin ofthe amphibian Bombina bombina (2, 3) . These include gastrin-releasing peptide (GRP) and neuromedin B, the only BLP fully characterized in humans (4) . In susceptible subjects, the increased levels of BLP in the lower respiratory tract are presumably due to a smoking induced hyperplasia of pulmonary neuroendocrine (NE) cells. Such a relationship has been demonstrated in an animal model by Tabassian and colleagues (5) . Furthermore, BLP have been reported to be chemotactic for monocytes (6) and mitogenic for 3T3 fibroblasts (7) . Thus, we hypothesized that an excess of NE cells and BLP could contribute to lung inflammation and fibrosis in susceptible cigarette smokers who demonstrate the greatest degree of NE cell hyperplasia.
Eosinophilic granuloma (EG) of the lung, also known as pulmonary histiocytosis X or Langerhans' cell granulomatosis (8) (9) (10) , is a fibrotic disorder of the lower respiratory tract. Although the pathogenesis of EG is unknown, an abnormal accumulation of mononuclear phagocytes and Langerhans' cells is thought to play a major role (1 1). However, the mechanisms modulating the increase in the numbers ofalveolar macrophages and Langerhans' cells in the lungs remain to be elucidated. Interestingly, in adults, EG occurs almost invariably in current or former cigarette smokers (12) . This suggests that cigarette smoke may play an important role in the pathogenesis of EG.
The purpose of this study was to determine whether open lung biopsies from patients with EG have increased NE cells with bombesin-like immunoreactivity when compared to normal cigarette smokers who underwent lung resection for reasons other than primary lung disease. In addition, we compared the EG patients to patients with idiopathic pulmonary fibrosis (IPF), a disease in which lung inflammation and fibrosis is not associated with cigarette smoking. Finally, we tested whether bombesin is mitogenic for human adult lung fibroblasts, thus providing a potential direct link between pulmonary NE cells, BLP, and the pathogenesis of EG. instances, the surgeon attempted to sample portions of lung which Six biopsies were obtained from patients undergoing lung resection were obviously affected, but not severely scarred. Biopsies from pafor reasons other than a primary lung disorder, including two lung tients without primary lung disease (including lung cancer) were transplant donors (Table II) . Only open lung biopsies were utilized for usually wedge resections ofa solitary pulmonary nodule. All tissue was this control group in order to avoid possible loss of immunoreactivity collected, fixed, and stained in a similar fashion. The tissue was fixed in Immunohistochemistry. Before immunohistochemical staining, slides were deparaffinized by three 5-min xylene washes followed by three 10-min ethanol washes. Endogenous peroxidase was quenched by a 30-min incubation in methanol with 0.2% H202. Slides were then incubated for I h in 0.3% Triton in PBS, rinsed in tap water, and then incubated for 30 minutes with 150 Ml normal goat serum. An equal volume (150 ,l) of the rabbit antibombesin antibody (Biogenex Laboratories, Dublin, CA), at a dilution of 1:800, was added to the slides before overnight incubation in a humidified chamber. Subsequently, slides were rinsed and incubated with 150 IAI of biotinylated goat antirabbit immunoglobulins (Vector Laboratories, Burlingame, CA) at a concentration of 20 Mg/ml. After washing three times, slides were incubated for I h with 150 Ml of 25 ug/ml avidin-peroxidase complex (Vector Laboratories). Slides were washed and the stain developed using 40 Mg/ml diaminobenzidine and 0.01% H202, rinsed, incubated for 5 min in 3% CuSO4, then briefly counterstained with hematoxylin. To examine the specificity of staining with the primary antibody, working dilutions of antibombesin antiserum were preincubated with bombesin or neurotensin before overlaying on slides. Additional tissue sections were also stained with the antibombesin mAb BBC353 (1), as well as anticalcitonin antiserum (Biogenex) and antichromogranin A mAb (Biogenex), to confirm NE cell presence and numbers.
Morphometry. The method used in the present study for quantification of NE cells is similar to that of Kleinerman and co-workers (14) which normalizes NE cells per length of airway epithelium. Thus, this morphometric method allows for comparisons between specimens with different numbers of airways and different lengths of airway epithelium. As slides were examined, each airway was marked and the airway lumen perimeter was measured using a computer-controlled electronic digitizer (Tektronic 4051; Tektronix, Inc., Beaverton, Oregon). The number ofNE cells which exhibited bombesin-like immunoreactivity were counted and the results expressed as NE cells per 10 cm of airway epithelium.
Histologic changes in the biopsies from the patients with fibrosis were so impressive that these observations could not be performed blindly except for the specific diagnosis (i.e., EG versus IPF). Tables I  and II include BALfluid. All the patients with EG and IPF underwent bronchoscopy and bronchoalveolar lavage (BAL) before open lung biopsy. None of the normal smokers underwent BAL. The procedure was performed as previously described (1) . Briefly, BAL fluid was collected after sequential instillation of four 60 ml aliquots of sterile normal saline solution via fiberoptic bronchoscopy and immediately placed in ice water. The lavage was centrifuged at 800 g for 10 min. Cell-free BAL fluid supernatants were preserved in a final concentration of 2 N acetic acid and stored at -70°C. 24 h before assay, 2-ml aliquots of BAL fluid were vacuum dried and reconstituted to 25% of the original volume with 0.05 M Hepes buffer, pH 7.0, in HPLC-grade water.
BLP immunoassay. BAL fluid BLP content was determined by a competition ELISA using the antibombesin mAb BBC353 (1). This antibody is specific for the minimal biologically active carboxy-terminal heptapeptide shared by all known BLP. The specific immunostaining that human lung NE cells demonstrate with the antibody BBC353 supports its utility for these studies and suggests that we are measuring NE cell derived BLP (1). Briefly, testing plates (Nunc-Immuno I; InterMed, Denmark) were incubated overnight at 4°C with GRP immunohistochemistry and the same morphometric method (16, 17). BLP levels. Detectable levels of BLP were present in the BAL fluid of five EG patients and five patients with IPF (Table  I ). In the EG patients, detectable BLP levels ranged from 6 to 42 pmol/ml. In the IPF patients, detectable BLP levels ranged from 0.63 to 72 pmol/ml. The four subjects with undetectable BLP levels were assigned the minimum detectable value of the ELISA (0.2 pmol/ml) for statistical purposes, resulting in a mean value for the EG patients of 16.33±6.01 pmol/ml compared with a mean of 13.83±8.66 pmol/ml for the IPF patients (P = NS, Mann-Whitney Rank-Sum test). There was no significant correlation between BAL fluid levels of BLP and numbers of NE serum concentration (0.5% FCS) which produced approximately half-maximal stimulation was used. Under these conditions, bombesin produced a significant mitogenic effect (P < 0.05, t test) at concentrations of 1 nM and above (Fig. 3 ) after 5 d of culture. Significant mitogenic effects were demonstrable at earlier time points with higher concentrations of bombesin (days 1-5 with 100 nM, days 3-5 with 10 nM, and days 4 and 5 with 1 nM). In studies performed with maximal serum stimulation (1% FCS), the addition of bombesin in concentrations of 10 and 100 nM produced a 20% increase in viable cell numbers (P < 0.05, t test) after 5 d of culture.
Discussion
In this study, we found that open lung biopsies from adult patients with EG have markedly increased numbers of NE cells with bombesin-like immunoreactivity compared with cigarette smokers and most patients with IPF. These findings are of interest because BLP have effects that are relevant to the pathophysiology of EG and these observations may help to delineate a novel pathogenetic scheme with potential therapeutic implications. In addition, these observations may provide a better understanding of the lung's response to cigarette smoke. NE cells are prominent in human fetal lungs, where the BLP they produce are growth factors thought to be important for the paracrine regulation of lung growth and development (19, 20) . As the rate oflung growth declines, the number ofNE cells with BLP immunoreactivity starts to decrease during the neonatal period, and the low numbers seen in normal adult lungs are reached within the first decade oflife (19) (20) (21) (22) . Prominent NE cells have been observed in bronchopulmonary dysplasia (23), cystic fibrosis (22) , bronchiectasis (24), and other miscellaneous conditions (25) . However, the role that the NE cells may play in these diseases remains speculative.
While NE cells contain a variety of other neuropeptides and mediators which may be important in lung development and disease (26), we have focused on BLP because they have physiologic effects, such as chemotaxis for monocytes (6) and mitogenesis for fibroblasts (7) , which seem most obviously relevant to the pathogenesis of pulmonary fibrosis. To date, no studies have accurately defined the number of NE cells with bombesin-like immunoreactivity in open lung biopsies obtained from healthy, adult, nonsmoker lungs, presumably because of the difficulty inherent in obtaining such lung tissue. However, Gosney and co-workers reported that NE cells were readily demonstrable and uniformly distributed in the lungs of 15 adults coming to necropsy within 18 h of their death, with no evidence of any appreciable pulmonary disease (16). Further, this group reported more recently that patients with chronic bronchitis and emphysema exhibited a twofold increase in NE cells with GRP immunoreactivity compared to a group of age-matched controls (17) . Although these studies were performed in autopsy specimens, the results are useful in assessing our findings because the methods were identical. First, the number of NE cells with bombesin-like immunoreactivity observed in our normal cigarette smokers (6.32±2.63 NE cells/10 cm airway epithelial length) does not differ from the values reported by Gosney and colleagues for their normal controls (6.9±2.5 NE cells/10 cm airway epithelial length), most of whom were also smokers (16, 17; Gosney, J. R., personal communication). Secondly, although it is unclear whether pulmonary NE cells are increased in smokers, and perhaps IPF patients, compared to nonsmokers, the number of NE cells in our patients with EG clearly exceeds that reported for smokers and thus suggests that hyperplasia of NE cells with bombesin-like immunoreactivity could play a role in the pathogenesis of EG.
Although significant differences in immunoreactive NE cells were demonstrated between the EG and IPF patients, no significant differences were observed in their BAL fluid levels of BLP. Furthermore, in this limited number of patients, there was no, or only weak, correlation between NE cell numbers and BAL fluid levels of BLP. Multiple factors, including rates of neuropeptide synthesis, secretion, and degradation, as well as technical factors which are inherent to each of these two sampling methods, may account for this discrepancy (27) (27) , and appears to cause NE cell hyperplasia if sustained (25, 29) . Asbestos fibers have been demonstrated to cause NE cell hyperplasia and increased bombesin-like immunoreactivity in an animal model (30, 31) , as has exposure to cigarette smoke (5) . Several investigators have also demonstrated an independent proliferative effect on NE cells from nicotine (32) and nitrosamines (14, 33 (34) .
As depicted in Fig. 4 , there are several potential roles for BLP in the pathogenesis of EG. First, alveolar macrophages and dendritic/Langerhans' cells are thought to be important effector cells in EG because, in addition to obvious tissue infiltration, these cells produce a number of cytokines which could transform quiescent lung fibroblasts into a profibrotic state (11, 35) . Although the mechanism is unknown, cigarette smoke has an early effect on the number, distribution, and differentiated state of dendritic/Langerhans' cells in the human lung (36) . Since BLP are chemoattractant for monocytes (6) 
